Investigations on the kinetic mechanism of octopine dehydrogenase. 2. Location of the rate-limiting step for enzyme turnover.
The kinetic mechanism of octopine dehydrogenase has been investigated by stopped-flow and isotope replacement techniques. When the enzyme is saturated by substrate and coenzyme, both for NADH oxidation and NAD+ reduction, the stationary phase is preceded by a rapid burst. Under these saturation conditions, furthermore, the stationary phase shows a secondary isotope effect when 4S-[4(2)H]NADH is substituted for NADH and when (on the other reaction end) D-[2H] octopine is substituted for D-octopine. The data are taken to indicate that the rate-limiting step for enzyme turnover is a step following a very fast chemical transformation of the reagents. However, when the substrate concentration is lowered below the corresponding Km value keeping the coenzyme concentration at saturating levels, the time course of the reaction shows no burst and the stationary phase has a larger isotope effect. This indicated that under those non-saturating conditions, the enzyme turnover has a larger contribution than the hydrogen-transfer step. Changing the coenzyme concentration alone has very little or no effect on the amplitude of the burst or on the isotope effect. These features are discussed in terms of the other known kinetic properties of the enzyme, and in terms of analogous studies reported in the literature for other dehydrogenases.